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N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

FOREWORD 

On 28 November 196 1 ,  Space and Information 
Systems Division of North American Aviation was 
informed that it had been selected a s  the principal 
contractor  for  the Pro jec t  Apollo Spacecraft. The 
init ial  meeting between Apollo representat ives  of 
NAA and NASA was held on 4 December 1961 at 
Langley Field.  

Apollo Letter Contract NAS 9-150 was exe- 
cuted on 21 December 1961. 
purposes ,  a go-ahead date of 1 January 1962 was 
e s tabli shed. 

F o r  program planning 

Based upon the Pro jec t  Apollo Spacecraft 
Development Statement of Work, 26 separate  a r e a s  
of effort have been defined. 
the p rogres s  made in these a r e a s  during the f i r s t  
month of program activities. 

This report  reflects 

- 
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N O R T H  A M E R I C A N  A V I A T I O N ,  INC. SPACE and INFORMATION S Y S T E M S  DIVISION 

SUMMARY 

The wind tunnel test p r c t g r a ~ ~  has  been pzbi ished; an azrodpar;?ic 
heating study of the service module, completed; heat-t ime curves for 
s eve ra l  design t ra jec tor ies ,  established. A method f o r  analyzing the 
charr ing ablation process  has  been developed, and an ablation t e s t  p rogram 
is being conducted. 

IBM programs to compute integrated circumlunar t ra jec tor ies  of a n  
earth-moon model, and to determine the conics f o r  a single-impulse abort  
miss ion  have been written. 

Design c r i t e r i a  f o r  waste quantities and use tolerance ra tes  have been 
established; food configuration, water  tempera ture ,  and mixing quantity 
requi rements ,  determined. 

Reliability and crew safety requirements have been determined for 
eight spacecraf t  subsystems;  the launch escape tower design, initiated; 
the prel iminary launch escape tes t  plan, formulated. Pre l iminary  s ta t ic  
stabil i ty derivatives of the launch escape system have been defined. 
analog simulation has  been used to  investigate open-loop dynamic charac-  
t e r i s t i c s ,  and a digital computer program,  planned t o  investigate the abort  
t ra jec tory .  

An 

Pre l iminary  performance and interface specifications f o r  the command 
and serv ice  modules and the adapter have been completed. 

Pre l iminary  command module design layouts a r e  being prepared.  

The propert ies  of phenolic-nylon have been determined,  and ablator- 
subs t ruc ture  fastening methods, evaluated. 
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N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

FLIGHT TECHNOLOGY 

Flight co r r ido r s  for the spacecraft configurations have been analyzed 
and the altitude-velocity ranges that will requi re  simulation in  the t e s t  
program, obtained. Performance ranges of wind tunnel facil i t ies a r e  being 
investigated with Je t  Propulsion Laborator ies  and Cornel1 Aeronautical 
Laboratory.  Future  discussions will be held with AVCO and Genera l  Elec t r ic .  

A wind tunnel program has been published and t e s t  activit ies for  the 
first quar te r  of 1962, defined. A schedule of coordination meetings held on 
this subject is shown in Table 1. 

The following policy and operating procedures  have been established 
i n  meetings held with NASA: 

Government laboratory coordinator will  be  Mr .  W. C. Moseley, J r .  , 
of NASA. 

NASA and S&ID engineering representat ives  will be  present  at  each 
tes t .  

NASA will  have pr ime responsibility for tes t  objectives;  S&ID for 
achievement of the tes t  goals. 

Within 30 days af ter  receipt of reduced data on each t e s t ,  S&ID will 
publish a tabulated data report .  

NASA will  publish analytical repor t s  on each t e s t  s e r i e s  

THERMAL ANALYSIS 

A study of service module boost-phase aerodynamic heating has  been 
completed. Assuming an emissivity of 0.8,  maximum temperature  encoun- 
tered QTL a Q.l- inch thick alixninum outer face  w a s  approximately 450 F. 

A pre l iminary  t e s t  plan for the study of t he rma l  radiation has  been 
submitted,  and an  analysis of lunar surface radiation has  been initiated to  
support  environmental  control system and fuel ce l l  radiator designs. 

- 1 -  ---.--i 
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N O R T H  A M E R I C A N  A V I A T I O N ,  INC. SPACE and INFORMATION SYSTEMS DIVISION 

HEAT SHIELD 

Heat shield requirements ,  including heat ing-versus- t ime curves ,  have 
been established for severa l  design t ra jec tor ies .  
charring ablation process  has  been developed, based on the following 
assumptions : 

A method of analyzing the 

The char layer ,  once formed, will  maintain a predetermined and 
constant thi ckne s s . 

Heat capacity of the char  layer i s  negligible compared to the heat 
capacity of the gas  evolved at  the char layer virgin mater ia l  
interface.  

Temperature  of the gas  from the char layer virgin mater ia l  interface 
is initially the same as  the char  temperature  and remains  thus a s  i t  
passes  through the char  toward the surface.  

Degradation temperature  of the virgin mater ia l  is constant. 

The above method of analysis i s  being programmed on the IBM 7090. 
This  program will calculate the m a s s  l o s s ,  surface char layer tempera ture ,  
amount of heat conducted through the virgin ablation mater ia l  and insulation 
into the cabin, and temperature  profile through the ablator and insulation 
layers .  

A detailed ablation tes t  plan is being compiled. This plan will define 
individual tes t  concepts, objectives, t ime phasing, and locations. Support 
e lements  and equipment requirements ,  configurations, and quantities will 
be included; and Government participation plans designated. 
p rog ram will be utilized in  calculating the required thicknesses of ablator 
and insulation mater ia ls  of the various design missions.  

A computor 

TRAJECTORY 

An IBM program has been compiled to compute integrated circumlunar 
t ra jec tor ies  i n  a three-dimensional,  earth-moon model,  using the lunar orbit  
plane a s  the re ference .  
r een t ry  conditions of the circumlunar t ra jec tory  as a function of the t ime of 
month for a given lunar orbit  plane inclination to the e a r t h ' s  equator plane. 

These data will satisfy the iner t ia l  inser t ion and 

Data generated from this program wi l l  be utilized to study launch r e -  

The program will also provide initial conditions for nominal t ra jec tor ies  
quirements  for f r e e  circumlunar t ra jec tor ies  returning to a specified landing 
site. 
to be  employed in e r r o r  analysis studies.  

- 2 -  - 
SID 62-300-1 



N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

SINGLE-IMPULSE ABORT MISSION 0 
An IBM FORTRAN program has  been compiled to  provide r e s t r i c t ed  

two-body, three-dimensional,  conic condition data. The program will 
calculate atmospheric entry data at a specific flight path angle and altitude, 
aerodynamic c ru i se s  and deceleration through - a specific range - and c ru i se  
t ime ,  and a landing a t  a specific s i te  on the rotating ear th .  

TWO-IMPULSE ABORT MISSION 

A re s t r i c t ed ,  two-body FORTRAN program i s  being wri t ten to solve 
the two-impulse t ransfer  between a point of one conic and a point on a second 
conic i n a  specific t ime interval  o r  rendezvous. Planned modifications to this 
program include multiple- orbit  t r ans fe r s  and a possible application to  GOSS 
t r ack  and entry conditions, regardless  of the position of the vehicle at the 
t ime of abort .  

LITTLE JOE I BOOSTER 

Studies have indicated that by proper  selection of the available launch 
var iab les ,  the Little Joe I booster can provide the desired Apollo flight t e s t  
condition. 
typical C- 1 boost t ra jec tory  is  785 pounds per  square foot a t  a n  altitude of 
36, 700 feet and a t  a velocity of 1506 feet p e r  second. Using pre l iminary  
drag  e s t ima tes ,  the boos te r ,  carrying the Apollo and i t s  launch escape 
sys tem,  can t rave l  through this tes t  point 37.7 seconds af ter  launch a t  an 
init ial  launch elevation angle of 86 degrees .  
zero- l i f t  t ra jec tory ,  the second pair  of Castor motors  can  be ignited 8 
seconds af ter  ignition of the f i rs t  pa i r  of Castor motors  and the four Recruit  
motors .  

It has  been determined that the maximum dynamic p r e s s u r e  for a 

To achieve this point, using a 

Separation of the command module f rom the Little Joe I booster presents  
a problem because of the required high thrust-to-weight ra t io  of the vehicle. 
Studies have indicated that it may be  necessary  to incorporate Little Joe I 
r e t r o  rockets o r  motor destruct packages to achieve positive separation. 

P L A N N E D  ACTIVITIES 

Support to the wind tunnel tes t  p rogram will continue through the next 
month. Planned efforts include the publication of model requirements  with 
the types and locations of end-point instrumentation and descriptions of the 
models.  

The rma l  analysis activities will  include finalization of the aerodynamic 
heating t e s t  plan.. The t e s t  program i s  scheduled to be initiated during the 
next repor t  period. 

- 3 -  
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NORTH A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

Heat shield insulation and ablation analyses will be extended to  include 
pa rame t r i c  studies for determining the most  important fac tors  in the charr ing 
ablation process .  
r a t e s  will be studied for Apollo applications. 

Existing techniques for predicting aerodynamic heating 

Technical evaluation of subcontractor proposals supporting the heat 
shield d ~ > y e ? ~ p i i ~ ~ n t  p r ~ g r ~ ~ l  ~i!! be ~ ~ i l ? p ? e t e d  diirilig the iiext rep6i-t period. 

INTEGRATION AND SYSTEMS ANALYSIS 

PERFORMANCE AND INTERFACE 

Pre l imina ry  performance and interface specifications for the command 
module, the serv ice  module, and the adapter have been prepared .  

SYSTEM ANALYSIS 

Trade-off studies have been conducted to determine the optimum con- 
figuration for  the serv ice  module. 
determine the effects of designing a serv ice  module that would be compatible 
with lunar landing vehicles. 

A paral le l  study has  been made to 

PLANNED ACTIVITIES 

Per formance  and interface specifications for the space laboratory and 
the lunar module a r e  currently being prepared ,  and w i l l  be finalized during 
the next r epor t  month. 
i n  March 1962. 

These specifications a r e  scheduled for publication 

RELIABILITY 

QUALITY-RELIABILITY ANALYSIS 

A genera l  statement of the Apollo qualification-reliability t e s t  p rogram 
has  been completed for inclusion in the Apollo Tes t  Plan.  
qualification-reliability t e s t  plan is current ly  being prepared .  

A more  definitive 

- 4 -  - 
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NORTH A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION S Y S T E M S  DIVISION 

DESIGN ANALYSIS 

Spacecraft  reliabil i ty and crew safety apportionments by mission phase 
System requirements for each phase a r e  being defined. have been completed. 

Prelim-ifiary reliability 2fialysPs Qf rr,issior, p’Op”lsiQr, s y s t e p L s ,  includ- 
ing fai lure  mode studies and apportionments, have been completed to the 
component level. 
control sys tems a r e  i n  progress .  

Similar analyses of the e lec t r ica l  and environmental 

Studies a r e  present ly  being conducted to  a s s e s s  and apportion the 
influence of ground support equipment on spacecraf t  reliabil i ty and crew 
safety, 

PLANNED ACTIVITIES 

Reliability and crew safety requirements  for  the mission propulsion 
sys tem and the serv ice  module react ion control sys tem will be prepared  
during the next r epor t  period. 

INSTRUMENT ATION 

R E  QUIRE ME NT S ANALYSIS 

A comprehensive measurement list, itemizing each flight t e s t  element 

Recorder  studies during the r epor t  per iod have included a review 
and its associated range,  accuracy, and response requirements ,  is being 
prepared .  
of digital- analog instrumentation mer i t s  a s  opposed to  the utilization of 
separa te  r eco rde r  methods. 
s ea rch  and Development instrumentation i s  being investigated. 

The applicability of the NASA reco rde r  to Re-  

PLANNED ACTIVITIES 

Areas  to be studied during the following repor t  period will include 
modular packaging and standardization, telescope techniques, instrumentation 
sys tem per formance ,  detailed tes t  requi rements ,  measurement  specifications 
f o r  ea r ly  test vehicles ,  and data r a t e  requirements  for  the sizing of te lem-  
e t r y  and tape recording systems. 

- 5 -  - 
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N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION SYSTEMS DIVISION --.- 
SIMULATION AND TRAINING 

SIMULATION ANALYSIS 

Prepara t ion  of the training equipment. Sec t inn  of the Apnlln G ~ Q I J ~ ~  
Support General  Equipment Specification has  been completed on schedule. 
An analysis of spacecraf t  system pa rame te r s  is current ly  being made in  
support of training equipment design and simulation requirements.  

TRAINING 

An outline of the prel iminary training plan was completed. 

MOCK-UP 

Definitions and schedules for  a l l  mock-up requirements  have been 
completed and will f o r m  the basis for detail  mock-up specifications. 

PLANNED ACTIVITIES 

Major training activities to be conducted during the following month 
include the preparation of a detailed analysis of training program requi re -  
ments  and the determination of long lead-time training i tems.  
equipment specifications defining performance requirements  of individual 
t r a i n e r s  will be initiated in February 1962. 

Training 

DOCUMENTATION 

The prel iminary tes t  plan, quality control plan, facil i t ies plan,  and 
spacecraf t  launch vehicle integration repor t  have been completed and sub- 
mitted on schedule. 
document revisions method have also been submitted a s  scheduled. 

A draf t  of the reliabil i ty program plan and the final 

P LANNE D ACTIVITIES 

Formulation of procedures to be utilized in negotiating support and 
maintenance requirements with subcontractors wi l l  be completed during the 
next repor t  month. 
tailed procedure to be utilized by S&ID and the subcontractors i n  development 
of Apollo support manuals will be finalized during the next reporting period. 

The preliminary support requirements plan and a de- 

- 6 -  
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, N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

PROGRAM MANAGEMENT 

SUBCONTRACT EFFORT 

Final  work statements have been negotiated - with subcontractors  for  
the parachute subsystem, environmental control sys t em,  telecommunications 
sys tem,  and the stabilization and control system. 

Subcontractor negotiations a r e  in p rogres s  to  es tabl ish requirements  
for radiation protection, service module propulsion, and ground support  
equipment . 

Request for  proposals were submitted t o  prospective subcontractors  
for  the command module heat shield, ear th  landing sys tem,  and the recovery 
aids subsystem. Due to recent vendor advancements, requests  have been 
re-submit ted to prospective subcontractors for fuel ce l l  sys tem proposals .  

Work s ta tements  a r e  current ly  being prepared  for  the tower jett ison 
rocket motor and life systems requirements .  

Reliability and crew safety requirements  have been included i n  the 
equipment specifications and statements of work for the stabilization and 
control  sys t em,  the telecommunications sys t em,  the environmental  control 
sys t em,  the ea r th  landing sys tem,  the main rocket engine and th rus t  vector 
control of the launch escape system, the fuel cel l  subsystem, the command 
module react ion control system, and the s t ruc tura l  heat shield. 

Reliability and crew safety requirements  a r e  being established for  
ground support equipment. 

Reliability evaluations have been completed for the launch escape 
motor  and thrus t  vector control proposals received f rom Lockheed, 
Aerojet-General ,  Hercules Powder,  Thiokol, and United Technology. 

Hardware delivery requirement dates and testing schedules for sub- 
contracted efforts have been prepared in  accordance with the la tes t  Make- 
or -Buy List .  

PROGRAM ANALYSIS 

Representat ives  f r o m  Collins Radio, AiResearch, Minneapolis - 
Honeywell, and Radioplane a r e  current ly  receiving PERT training a t  S&ID. 
Subcontractor network development on specific subsystems has  been 
initiated. 

- 7 -  
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N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

A PERT preparat ion and approval schedule for  22 networks has  been 
All networks are to be completed for final MSC review by 15 established. 

May 1962. Network numbering methods,  including the proposed MSC sys t em,  
a r e  being studied for finalization by 6 March 1962. 

PROGRAM PLANNING 

The official p rogram phasing schedule through final Phase  A launch 
has  been re leased .  

PLANNED ACTIVITIES 

The S&ID-NASA P E R T  implementation team will meet  every  two weeks 
beginning 20 Februa ry  1962. 

STABILIZATION AND CONTROL 

SUBSYSTEM ANALYSIS 

Two pulse-modulation techniques a r e  being studied for use in  the 
Apollo stabilization and control sys tem.  One sys tem,  proposed by 
Minneapolis - Honeywe 11, utilizes p r  e -programmed pulses which a r e  functions 
of attitude and attitude ra te  for la rge  e r r o r s ,  and functions of attitude alone 
for  sma l l  e r r o r s .  
i n  which pulse width and frequency a r e  var ied ,  thereby causing their  product 
t o  be  proportional to the e r r o r  signal. 

The second sys tem util izes a pulse-modulation scheme 

The use  of the derived rate is  being studied a s  a solution to the l imit  
cycle problems ( incurred by rate gyro threshold limitations) and a s  an aid 
to  sys tem optimization. 

The pre-programmed pulse sys tem has  been mechanized, and is being 
tes ted in conjunction with a P A C E  TR- 10 analog computer to obtain phase 
plane plots i n  the l imit  cycle acquisition phase.  
frequency modulated sys tem i s  being breadboarded. 

The pulse width-and- 

PLANNED ACTIVITIES 

Planned computer studies for the following repor t  month will include 
sensor  hys t e re ses  effects,  vehicle dynamics,  gas  dynamics,  and associated 
a r e a s .  

- 8 -  
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NORTH A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

C R E W  PROVISIONS 

WASTE MANAGEMENT 

Design c r i t e r i a  for waste quantities and use tolerance ra tes  have heen 
An investigation of sponge mater ia l s  containing skin detergents established. 

i s  being conducted to support bacter ia l  control studies.  

FOOD MANAGEMENT AND WATER SUPPLY 

The food configuration, water tempera ture  , and mixing requirements  
A review of total  water supply has  been initiated to have been determined. 

determine the quantity and method of water removal  f rom the spacecraf t  for  
survival.  

The configuration and physical location of the water tanks within the 
command module present  a problem from a standpoint of accessibil i ty and 
maintenance. 
initiated to  determine container capacit ies , flow ra t e s  , and system per form-  
ance requirements .  

A study of the overall water management system has been 

SPACE RADIATION SOURCES 

Initial space radiation studies a r e  in  process  to define tentative inten- 
Some time correlat ions have been s i t ies  expected under cer ta in  conditions. 

determined for the expected a r r iva l  t imes of solar  f la re  par t ic les  at  ear th-  
orb i ta l  distances.  
available to the Apollo crew. 

This data has a direct  bearing on the warning t ime 

COUCH DESIGN 

Mock-up couch designs have been initiated. The boilerplate designs , 
based on the mock-up, will serve a s  the basic  lines in  the prototype couches. 
Emphasis  is being placed on interchangeability, flexibility , comfort , and 
support  . 

PLANNED ACTIVITIES 

Development of a mor e effective design support methodology, 
completion of life system tes t  plans, r e l ease  of the prel iminary life sys tem 
design c r i t e r i a  handbook, and the submittal of design c r i t e r i a  specifications 
to  NASA a r e  scheduled f o r  completion during the next r epor t  period. A 
long-duration crew performance t e s t  of seven to fourteen days , involving 

- 9 -  
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N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

t h ree  human subjects living within the human factors  pre-proposal  mock-up, 
is tentatively scheduled for  the same period. 0 

Additional studies to be conducted during the following r epor t  per iod 
will include food package designs, food compartment configurations, and 
power evasion of heat. 

NASA coordination meetings will  be held next month to  determine 
acceptable levels of radiation protection. 
with nuclear radiation will be contacted for  supporting data. 

Other organizations concerned 

Computer program applications to the shielding phase and associated 
a r e a s  will a l so  be investigated during February .  
p rog rams  at the Manned Space Flight Center in Houston, Texas ,  will be 
reviewed for analysis of Apollo stopping power applications. 

The IBM 7090 computer 

LAUNCH ESCAPE SUBSYSTEM 

DESIGN ANALYSIS 

Design of the launch-escape tower system has  been initiated. Pri- 
m a r y  emphasis  is being placed on the forward connection to  the launch-escape 
motor  and the aft connection t o  the command module. 

STRUCTURAL ANALYSIS 

The Phase  A t e s t  plan has been formulated.  T e s t  a r e a s  will encompass 
welding, joining, fitting, separation, major  static fir ing,  and s ta t ic  f i r i ng .  
A weight trade-off study i s  being conducted on the escape tower.  
study, two bas ic  s t ee l  alloys a re  being considered, and problems involved 
with their  use  a r e  current ly  being evaluated. These alloys a r e  a high-strength 
tool s tee l  and a lower strength,  m o r e  readily fabr icated,  low-alloy s teel .  

In this  

Requirements indicate the necessi ty  of employing a four-nozzle rocket 
motor  and a four-legged t r u s s .  
d i rec t ly  below the main rocket,  obviates the use of c r o s s  m e m b e r s ,  thus 
making the tors ional  stiffness of the four-legged t r u s s  a major  consideration. 
Th i s  problem will  be evaluated during the configuration studies. 

The cur ren t  location of the jett ison rocket ,  

P re l imina ry  s ta t ic  stability derivatives of the launch escape sys t em,  
based  on pre l iminary  NASA data and Working Pape r  1022,  have been defined. 

- 10 - - 
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\ 
These data include the effects  of long and short  tower lengths, with a conical 
shroud encasing the rocket motor nozzles.  

0 
A study has  been initiated to investigate the feasibility of t r i m -  

ming the effects of the command module offset center of gravi ty  by positioning 
the nose cone o r  rocket motor case  at a n  angle of incidence to balance the 
moment produced by the drag force.  

- 

CONTROL REQUIREMENTS 

Conclusions of an S&ID flight dynamics study will form the bas is  for 
independent investigations t o  be conducted by the subcontractor and S&ID for  
the synthesis of a closed-loop control sys tem for  controlling abort  maneuvers .  
When these init ial  investigations have been completed, a pre l iminary  control 
sys tem will be mechanized for analog computer studies.  

FLIGHT DYNAMICS 

Digital and analog computer p rograms ,  utilizing 6-degree-of-freedom 
equations of motion, were  developed to analyze requirements  of the launch 
escape system. F o r  simplicity, the analog mechanization neglects wind 
shea r  effects and a s sumes  a constant Mach number 10.3 f o r  pad abort  and 
1.57 f o r  maximum dynamic pressure  abort .  

To judge the effectiveness of the overal l  launch escape sys tem a s  
simulated on the analog, the following design c r i t e r i a  in their  o rde r  of im-  
portance will be adhered to: altitude and range off the pad; separation 
distance f rom the booster a t  maximum dynamic p res su re ;  and load l imits  
caused by thrus t  and aerodynamic forces .  

The analog simulation has been used to evaluate the pre l iminary  
requi rements  for the launch escape sys tem main escape motor ,  and to 
determine the effort of varying the main thrus t  offset angle. Open-loop 
dynamic charac te r i s t ics  have been investigated. 
a closed- loop control sys tem,  various amounts of static stability during 
thrusting have been t r ied  during abort  a t  maximum dynamic p res su re .  
the thrus t  vector through the nominal center of gravity p r io r  to ignition, 
excessive angles of attack a r e  reached in  l e s s  than 3 seconds when neutral  
s ta t ic  stability during thrusting is assumed.  

To  determine the need for 

F o r  

PLANNED ACTIVITIES 

In the next repor t  month, a three-axis  control system will be added 
to  the analog mechanization. Various control pa rame te r s ,  including those 
considered by VASA ( la te ra l  acceleration and body rotational r a t e ) ,  will 
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C- * 

be investigated. 
e t e r s  such a s  th rus t ,  total  impulse,  and aerodynamic derivatives will be 
determined. 

In addition, the effect of uncertainties in sys tem pa ram-  

Work will be initiated in the near  future on a more  complete,  6-degree-  
of-freedom analog mechanization. This  mechanization will incorporate  wind 
shear  effects and aerodynamic data a s  a function of Mach number in  addition 
to  the pa rame te r s  simulated i n  the present  analog mechanization. 

During the coming months, the p r i m a r y  design efforts will  be expended 
on configuration studies and mater ia l  selection. 
be determined by 1 March 1962, and the s t ruc tura l  mater ia l  selected by 
1 April  1962. 

The final configuration will 

ENVIRONMENTAL CONTROL 

A pre l iminary  development and performance tes t  plan has  been 
prepared  for the environmental control sys tem and the gas  s torage system. 

WEIGHT ANALYSIS 

Excluding the weight of water s torage tanks,  a total  of es t imated 
component weights,  based on information presented by AiResearch,  is 
approximately 425 pounds. An est imated 75  pounds of ducting, tubing 
supports ,  and bracke t ry  i s  required to instal l  the above components. 

PRESSURE SUIT REQUIREMENTS 

Upon receipt  of p re s su re  suit data f r o m  NASA, a comprehensive 
design approach for the suit  air  supply circui t  will be formulated. 

P LANNE D ACTIVITIES 

During the next month, preliminary design installation drawings 
will  be prepared.  
components within the command module. 

The ~ installation drawings will depict locations of major  

The pre l iminary  work statement for the gas  storage sys tem i s  
scheduled to be re leased  to prospective suppliers in February  1962. 

- 1.2 - - 
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EARTH LANDING SYSTEM 

IMPACT AT TE NU AT IO N SUBSYSTEM 

The impact attenuation subsystem is being re-evaluated. The use  of 
air bags for impact attenuation of 16 g ' s  has  been proposed fo r  the command 
module. Studies at  NAA and NASA indicate possible advantages can  be gained 
by the use  of another type of impact attenuation at  other r a t e s  of deceleration. 
To  develop an  optimum command module impact attenuation design, a t r ade -  
off study i s  being conducted. This study will consider the reliabil i ty,  weight, 
volume, schedule,  and cost  of each type of impact attenuation system. 
effect of that sys tem on the command module and sys tems will  a lso be 
considered. 
bags,  re t ro- rockets ,  shock s t ru t s ,  and destruction of crushable and frangible 
mater ia l s .  

The 

Design c r i t e r i a  studies will include the investigation of a i r  

PLANNED ACTIVITIES 

Re-  evaluation of the impact attenuation subsystem is scheduled for  
completion during the following repor t  period. 

COMMUNICATION SUBSYSTEM 

SUBSYSTEM ANALYSIS 

Analytical studies for the application of var ious digital concepts to  
the instrumentation, voice, and television data sys tems a r e  current ly  being 
c o nduc te d . 

The t e s t  objectives of each boilerplate t e s t  vehicle have been studied 
to  determine telecommunication equipment requirements .  
requirements  have been established f rom analysis of the telecommunication 
data.  

Weight and power 

TELECOMMUNICATIONS EQUIPMENT 

Telecommunications equipment requirements  for  the command and 
se rv ice  modules have been reviewed. Special attention was given to the need 
for  equipment accessibil i ty,  reliability, and compatibility with supporting 
i tems .  
and the serv ice  module have been tentatively established. 

Size,  weight, and location of equipment within the command module 
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0 PLANNED ACTIVITIES 
I 

During the following 

- 
report  period, studies on antenna requirements  

for the Research  and Development spacecraf t  will include a more  detailed 
evaluation of the programmed NASA design. A detailed evaluation will be 
made of a l ternate  approaches for  the VHF discone antenna. 
initiated on procurement specifications for operational antennas. 

Efforts wi l l  be 

A prel iminary analysis of the requirements  for  an  updated decoder 
will be s tar ted.  
be  investigated. 
detailed investigation of the requirements for PCM te lemet ry  sys t ems  will 
be made. Fu r the r  studies of the relative mer i t s  of C-band phase wobbula- 
t o r s  and of a dual beam system will be conducted. 

Trade-off parameters  for digital and analog television will 
Development and tes t  planning w i l l  be intensified. A m o r e  

A meeting with the MSC at Langley AFB will be held during the 
following repor t  period to  establish a plan for the development of Apollo 
antenna sys tems.  

NAVIGATION AND GUIDANCE INTEGRATION 

CRITERIA AND TEST PLAN 

Specific t a sk  requirements for accomplishing navigation and guidance 
s ys  tem integration, checkout , performance evaluation, operation, and 
generat ion of performance c r i t e r i a  for sys tem acceptance have been 
established. 

A pre l iminary  outline for the testing of navigation and guidance com- 
ponents,  subsys tems,  and systems has  been completed. 

Studies of various ascent guidance techniques for applicability to the 
Apollo launch, abor t ,  and injection phases  a r e  being made. A prel iminary 
outline of the basic  character is t ics  of various techniques has  been prepared.  

A pre l iminary  study of the Massachusetts Institute of Technology 
midcourse correct ion technique is being made to evaluate its basic  assump- 
t ions ,  approach, mechanization, performance,  and problem a reas .  

Faci l i ty  requirements  for the evaluation of the guidance, navigation, 
and r ada r  sys tems a r e  being established. 

- 14 - 
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COORDINATION 

S&ID representat ives  attended Apollo navigation and guidance confer - 
At the init ial  meeting, ences a t  the Massachusetts Institute of Technology. 

an administrative agreement  was formulated to provide methods for 
coordination between S&ID, MIT, and NASA. 
methods for the conduct of management and technical meetings,  correspond-  
ence and coordination procedures ,  interface controls,  and industr ia l  
subcontractor relations.  

This agreement outlines 

PLANNED ACTIVITIES 

The exchange of technical and other contractual data during the following 
r epor t  months will follow outlines formulated at the MIT meetings.  

COMMAND MODULE STRUCTURE AND SUBSYSTEMS INSTALLATION 

PROTOTYPE DESIGN ANALYSIS 

Pre l imina ry  layouts have been initiated to  define the shape and 
configuration of the c rew compartment. 
limitations imposed on the command module include reduction in  d iameter ,  
Paragl ider  compatibility, 250 pounds of radiation protection water ,  redundant 
propellant tankage for  the attitude control sys tem,  and an inc rease  i n  sys tem 
weight and volume requirements.  
f r o m  430 cubic feet  (NAA mock-up and quoted NASA 1015 study) to 336 cubic 
feet .  
compartment  will  have an installed density of 26 to  34 pounds pe r  cubic foot, 
depending on the final weight. 
density factor which can be obtained by careful packaging, the present  volume 
available in the 154 inch diameter Command Module is adequate. 

Additional requirements  and 

The crew compartment has  been reduced 

Studies have indicated that the equipment located in  the c rew 

As 30 pounds per  cubic foot is an  acceptable 

Additional layouts a r e  being prepared  to define equipment requirements  
i n  the aft compartment ,  including h igh-pressure  Paragl ider  inflation 
containers ,  water  and ur ine containers,  and a complete attitude controi 
sys tem.  
during the var ious phases  of flight, have been completed. 

Layouts,  depicting the position and orientation of the three crewmen 

Structural  layouts a r e  i n  p rog res s  for the inner and outer s t ruc tu res .  
Bas ic  load paths for the inner s t ruc tu re ,  access  door requirements  through 
the outer s t ruc tu re ,  and the three-s ide wall hatches for c rew entrance and 
exit have been tentatively defined. Methods of manufacturing subassembly 
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units and high load attachment a r e a s  have been defined. 
configuration of the inner  s t ructure  is of bonded aluminum honeycomb, 
and the outer s t ruc ture  is of high tempera ture ,  brazed s tee l  honeycomb. 

The present  

STRUCTURAL ANALYSIS 

The s t ruc tura l  t e s t  plan for phase A has  been formulated. The t e s t s ,  
outlined in  this plan, include heat shield design development t e s t s ,  heat 
protection system- s t ruc tura l  integration t e s t s ,  s t ruc tura l  development and 
qualification tests, major  static t e s t s ,  and a boilerplate-proof tes t .  
t e s t  p rogram initiated during the proposal inter im period has  been completed 
and the final r epor t ,  SID 62-9 ,  has  been published. 
phenolic-nylon physical and mechanical propert ies  were  determined, 
ablator - substructure  fastening methods were  evaluated. 

The 

In this p rogram,  
and 

To provide redundancy t o  the heat protection sys tem,  an ablative 
substructure  capable of withstanding tempera tures  up to 2000 F is being 
considered. A study i s  being conducted to determine the ablative sub- 
s t ruc ture  ma te r i a l  choice. 

WEIGHT ANALYSIS 

AMPR and cost  analysis weight data have been generated for all 
boilerplates and prototypes. Pre l iminary  sys tem definitions indicate the 
necessi ty  of weight i nc reases  in the initially planned components. Addi- 
tional components will a l s o  be required.  
installation density of at  least  30 pounds p e r  cubic foot must  be achieved. 
Individual component weights a re  being studied, 
component weight increases  will be justified. 

E a r l y  est imates  indicate that an 

and any additional 

A weight trade-off study is being conducted to aid in the selection of 
the p r e s s u r e  ves se l  configuration. Initial resu l t s  indicate little difference 
i n  weight exis ts  between the skin-stringer and the ring-reinforced approaches.  
A bonded sandwich shel l  appears to be approximately 30  percent lighter 
than the single wall configurations. 
associated with cutouts, hatches, and other local effects  a r e  in p rogres s .  

Detailed studies of the weight penalties 

MANUFACTURING 

The Bonding and Processing Faci l i t ies  Building is being designed. 
The pr i -  Construction has  been scheduled to be completed in  July 1962. 

m a r y  building s t ruc ture  will be 100 by 180 by 50 feet ,  with a n  extension on 
the side of 30 by 18G by 24 feet. 
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A boilerplate manufacturing schedule has  been established. The init ial  
eight boilerplates a r e  to be completed by December 1962. The remaining 
nine a r t ic les  will be completed by June 1963. The first command module 
prototype manufacturing schedule has  been initiated with the publication of 
the assembly breakdown and tooling ba r  char t s .  The prototype manufacturing 
assembly sequence is currently being established. In conjunction with this 
schedule, a detailed analysis of the brazing process  fo r  the floor and outer 
heat shields has been conducted to determine overall  leadtimes required for 
procurement  purposes.  

BOILERPLATE VEHICLES 

The design effort ,  including a s t ruc tura l  assembly drawing for Boiler-  
plate Vehicle No. 1 ,  has been initiated. Structural  s tee l  will be utilized for 
fabrication of the vehicle. 

Pre l iminary  studies indicate that the C-133B airplane is the only 
a i r c ra f t  l a rge  enough to c a r r y  Boilerplate Vehicles No. 3 and No. 5. 
C- 133A airplane would be limited to  carrying the boilerplate vehicles in  the 
aft r amp  a r e a  and in  a partially exposed condition. 
can either c a r r y  the boilerplate vehicles internally or par t ia l ly  exposed 
to  support a i r -drop  requirements.  
studies will be required t o  utilize the C-133 airplane for this type of mission. 

The 

The C- 133B airplane 

Extensive aerodynamic and s t ruc tura l  

High energy forming and spin forging methods a r e  being evaluated fo r  
the forming of p re s su re  vessels.  

PLANNED ACTIVITIES 

Fur ther  studies will be made in the following report  period t o  evaluate 
an aluminum-bonded honeycomb skin ve r sus  a single-wall reinforced skin 
for  the command module inner s t ruc ture .  

Problems associated with a shingled substructure  approach and a 
conical shel l  substructure  approach wi l l  be investigated during the next 
r epor t  period. Several  L-605 brazed honeycomb panels have been fabricated 
f o r  the purpose of evaluating the heatshield substructure  approach. 
panels will be tested to determine their  mechanical propert ies  and their  
compatibility with various fastening methods. Panels  with and without 
ablative coverings will be tested under combined load and temperature  
res t r ic t ions  in  the radiant heat facility. 

These 
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0 SERVICE PROPULSION SUBSYSTEM 

I PROPELLANT REQUIREMENTS 

The m-ajnr propidsion deyplnnrnPnt r--*---" p r n b l e ~  appezr s to i ncus  
achieving a burning t ime of 500 to  600 seconds with minimum thrus t  erosion 
and chamber wall thickness. 

The solid propellant called for in  the original proposal  has  been re- 
Configuration studies have been 

Configurations studied 
placed by a s torable ,  hypergolic propellant. 
made to support t rade-offs  of the liquid sys tems.  
included propulsion furnished by single and multi- engines,  and propellants 
s tored  in  single and multi-tanks. 
offloading capabilities for  alternate missions.  

The multi-tank configurations offer 

P L,ANNED ACT IVIT IES 

During the following report  months,  fur ther  engine studies will be 
initiated on three  additional configurations : 
fuel and oxidizer tanks ; a single engine employing multi-  cylindrical  common 
bulkhead fuel and oxidizer tanks ; and multi-  engines with multi- cylindrical  
fue l  and oxidizer tanks. 

a single engine with toroidal 

A study of the single engine and multi-engine configuration will be 
continued. Major fac tors  in the study include reliabil i ty,  re la t ive per form-  
ance ,  vehicle compatibility, developmental effort ,  effect on t ra jec tory ,  c rew 
display requi rements ,  and overall  weight. 

SERVICE MODULE STRUCTURE AND SUBSYSTEM INSTALLATION 

STRUCTURAL ANALYSIS 

A t e s t  plan for the phase A portion of the program depicted on the 
development schedule has  been completed. 

Six s t ruc tura l  configurations have been investigated to  es tabl ish 
p re l imina ry  weight trade-off data, and to  furnish supporting information 
on s t ruc tu ra l  mater ia l s  and gauges being considered for component pa r t s .  
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The three  configurations resulting f rom the original investigation 
a r e  being analyzed to  provide updated weight trade-off data ,  and to  fur ther  
define s t ruc tura l  requirements.  

The three  types of pressure  vesse ls  current ly  under consideration 

The cylindrical tank is  25 percent  heavier than the spher ica l  
a r e  spherical ,  cylindrical ,  and toroidal.  The spherical  tank is the lightest 
container.  
tank, and the toroidal tank, utilizing titanium fabrication, i s  60 percent  
heavier than the spherical  tank. 

PLANNED ACTIVITIES 

Mater ia l  considerations for the th ree  p r e s s u r e  vesse ls  will  be fur ther  
Many problem a r e a s  a r e  presented 

The second 
analyzed during the next report  period. 
by the utilization of titanium i n  fabrication of the toroidal tank. 
mos t  desirable  mater ia l  has  a strength-to-weight ra t io  approximately 25 
percent  less than titanium. 
heavier than the spherical  tank. 

The toroidal tank would be near ly  110 percent  

ELECTRICAL POWER SUBSYSTEM 

F U E L  CELL ANALYSIS 

An evaluation of performance charac te r i s t ics  of the fuel ce l l  sys tem 
A study is being conducted to  a s s e s s  the amount is current ly  being made. 

of iner t  contaminants that may be permit ted within the reactants .  
rev ised  load profile has  been tabulated to permi t  vendor proposals  based 
upon a more  cur ren t  description of the Apollo vehicle. 

A 

An analysis of the radiator sys tem to be used with the fuel ce l l s  has  
This analysis is employing a computer program for  space been initiated. 

radiator  sys tems.  

A pre l iminary  l is t  of requirements for various boilerplate vehicles 

A list has  been prepared  of points within the fuel cel l  
has  been prepared.  These requirements encompass both wiring and 
e lec t r ica l  loading. 
and power distributions systems requiring t ransducers  for inflight t e s t ,  
monitoring, and ground check-out. A tentative layout of e lec t r ica l  equip 
ment  with minimum wire  runs has  5een prepared.  
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A prel iminary t e s t  plan has  been completed to delineate t e s t  i tem 
requirements  and testing schedules. 
t e s t  building has  been prepared. 

A physical layout of the fuel ce l l  

POWER DISTRIBUTION SYSTEMS 

Studies a r e  presently being made to determine the desirabil i ty of 
employing standard wiring bundles a s  opposed to utilization of ribbon tape 
conductors. 
c ontr 01 circui t ry .  

Ribbon tape conductors show promise  of weight saving for 

A sys tems schematic has been prepared  to permi t  a reliabil i ty 
analysis of the depicted redundancy. 

PLANNED ACTIVITIES 

Fue l  ce l l  system proposals a r e  due to S&ID during the next month, 
and evaluation will commence as  soon a s  the proposals a r e  received. 

REACTION CONTROL 

SUBSYSTEM ANALYSIS 

Pre l imina ry  schematics  of the command module react ion subsystem 
have be en c omple t e d . 

P r i m a r y  problems of the command module reaction control engine 
have included determination of the minimum impulse requirement ,  the thrust  
t ransient  r a t e s ,  and the operational life requirements .  These pa rame te r s  
have been resolved by S&ID and Minneapolis-Honeywell. 

PLANNED ACTIVITIES 

A study to determine the r e - e n t r y  environmental t empera ture  appli- 
cable to the engine will be continued in  the following report  period. 
tempera ture  will influence the choice between an ablative o r  a radiation 
cooled chamber .  

The 

Information is being accumulated for a prel iminary specification to  
The specification i s  define design requirements  for the service module. 

scheduled for  completion in the next repor t  month. 

- LO - - 
SID 6 2 - 3 o G - i  



N O R T H  A M E R I C A N  A V I A T I O N ,  INC. SPACE and INFORMATION SYSTEMS DIVISION 

a SPACECRAFT ADAPTER DESIGN-FABRICATION AND ASSEMBLY 

A t e s t  plan for the phase A portion of the program has been completed. 

P re l imina ry  s t ruc tura l  requirements for the Little Joe  boilerplate 
adapter a r e  being determined. 

GROUND SUPPORT EQUIPMENT 

SPECIFICATIONS 

Prepara t ion  of the following specifications has  been initiated: 

GSE specification, SID 62-50, will define the genera l  
performance requirements for the spacecraft  GSE, 
the major  a r e a s  in which this GSE is required,  and 
the operations to  be performed by each GSE i tem.  

GSE Per formance  and Interface Specification, SID 
62-57, will define the function, performance,  con- 
formance,  and interface of each i tem of GSE. 

GSE Design Cri ter ia  Specification, SID 62-65, will 
define the complete design c r i t e r i a  for a l l  Apollo 
GSE. 

STATIC FIRING FACILITY 

The selection of a s i te  f o r  the Static Fir ing Facil i ty is cur ren t ly  being 
investigated. 
ti o n s ha  s be e n initiate d . 

Prepara t ion  of facilities c r i t e r i a  for  the Apollo AMR opera-  

PLANNED ACTIVITIES 

A study of point-to-point communications and its related effects upon 
the operational control concept is current ly  being planned. A study on 
t ime of the month flexibility of Pacif ic  entry landings f rom a lunar mission 
will  be  continued i n  the following repor t  month. 

Specifications for  GSE items a r e  scheduled for  completion during the 
following r epor t  month. 
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Detailed sys tems analysis and configurations of GSE i tems will  be 
initiated in  February  1962. 

GROUND OPERATIONAL SUPPORT SYSTEM ( G O S S )  

TELECOMMUNICATIONS ENGINEERING REPORT 

Telecommunications Engineering Report ,  TER-62- 1,  was revised 
and expanded during the repor t  month. 
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